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Topics of Presentation 


• Silicon sheet technologies - then and non: 

1975 - 77 : Technological feasibility studies 

1978 - 80 : Process selection 

1981 - 86 : Economic feasibility demonstrations 

• Future potent ial/R&D requirements 


Sheet and Ingot Technologies 
Supported Under ERDA/FSA Programs 
1976-1986 


1878 


Sheet ER5 (Mobil Tyco) 

CAST (IBM) 

Inverted Stepanov (RCA) 

Web Oend^ltlc (U. of S. Corel Ine) 
RTR (Motorola) 

SOC (Honeywell) 

CVD-Glaes (RoctaieU) 

CVD-S1 (GE) 

Hot Forwlng (II. of Penneylvanle] 


Ingote HEM (Cryetil Syetowe) 


1980 


ETC (Mobil Soler) 


wa (West1nghouoe» 1977) 
SOC (Honeywell) 


LASS (EMC, 1879) (891) 

Veccia Ole Catting (ARGO, 1979) 

ESP (Cltzek, 1979) (S9I) 

ESR (Sacha, 1979) (SERI) 

WM (Cry eta l Syetoeie] 

Advanced GZ ( HAMGO/KAYEX, 1977] 

" (SHtec, 1977) 

N (Texet Inatrwanta, 1977] 

w (Vartan, 1877) 

Ingot Catting ( UCP) [Swift, 19L') 


1996 

EFG (Industry; full eeale pilot plant) 
WS3 (Indue try; atart-up pilot plant) 

[Available to Industry) 

(Available to Industry) 

(Induatry; eatarlal for aala) 

( Industry; aqul plant for aale) 


j 
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(Induatry) 



PLENARY SESSIONS 


Technical Progress/Results 1975-1977 
Process Selection 1978-1 980 


Inverted Stepanov 



GROWN SILICON fi 

SISSON f 


Feasibility not demonstrated 

• Suitable die material not found. 

• Process stability not demonstrated 


Ribbon-to-Ribbon (RTR) 



Accomplishments 

s Continuous growth of 5 cm wide ribbon up to 25 cm length of 

FEEDSTOCK DEMONSTRATED IN MULTIPLE RIBBON FORMAT UP TO 5-7 CM/MIN, 
Concerns 

s Supply of suitable polyribbon feedstock. 

• Feedstock with substrate contamination. 
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or. /' >■* 

Silicon on Ceramic (SOC) °° H Quality 



Feasibility hot demonstrated 

• Substrate material contamination not under control. 

« Dimensional control over large areas (10 cm wide) at high speeds 
(30 CM/MIN) A PRCBLtrt. 

• High speeds of 10-20 cm/min and small grains may impair efficiency 
(usually less than 10Z). 


Chemical Vapor Deposition (CVD) 


Glass Substrate 



Si-Sn System 


LlW CACHTh. 

r :at 



Feasibility not demonstrated 

• Ho geometrical control of sheet dimensions. 

• Grain size too small/ nucleation uncontrolled. 
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Hot Forming 



Process; 


I. Compression of pclysilicon. 

II. Anneal to increase grain size. 


HC1T 

AN0 



Feasibility not demonstrated 

• Large grain recrystallization too slow. 

• Contamination effects undetermined. 


WEB Dendritic (WEB) 


FUU 



Accomplishments 

• Continuous growth of WEB of 3 cm widths at 1-2 cm/min and 150 micron thickness 

MADE ROUTINE IN SINGLE RIBBON FURNACES. HELT REPLENISHMENT DEMONSTRATED. 

• Maximum efficiencies of 151. 

Concerns 

• Long term stability/reproducibility. 

• Growth speed/width (areal rate) limitations common to all vertical sheet 

GROWTH TECHNIQUES. 
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A 

Edge-Defined Film-Fed Growth (EFG) 
Capillary Action Shaping Technique (CAST) 



4 

i 



Accomplishments (EFG) 

• Continuous growth of up to 10 cm wide ribbon up to 3 cm/m in and 250 microns 

THICKNESS IN MULTIPLE (xA) MACHINE FORMAT/MELT REPLENISHMENT MADE ROUTINE. 

• Average cell efficiencies of ' , he order of 9Z (no H2 passivation). 

Concerns 

• Multiple machine complexity, material inhomogeneity hamper routine 
operation and reproducibility. 

• High h eff EFG (cartridge concept) operates close to region of thermo- 
cap ulary instability, 

• Die material reactivity. 

g Vertical EFG limited to 2-3 cm/min growth speed by creep 

- Areal rate limitation common to all vertical sheet growth techniques. 


Heat Exchanger Method (HEM) 



suo' 

HIAI* 
ntcHMKOt <•' 





••I 





Accomplishments 

• Large single crystal ingot (33 x ',3 x 18 cm^, AS kg) 
solidification demonstrated at 1.25 kg/hr, 

t High (90S) single crystal yield, high (up to 15Z) efficiencies. 

Concerns 

• IMPROVED SLICING TECHNIQUES WITH INCREASED SPEED, REDUCED KERF 
LOSS NOT AVAILABLE. 

• Higher single crysial yields (perfection) obtained at slowest 
solidification hates. 


) 


. » 
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Continuous Czochralski 



Accomplishments 

• Multiple ingot growth established (150 kg), up to 15 cm diameter. 
Concerns 

• Reduced yield due to polycrystallinity. 

• Feasibility of high throughput wafer ing. 

• Throughput limits in range 1.5 kg/hr. 


New Developments 1978-1 £31 
Low-Angle Silicon Sheet (LASS) 



Feasibility not demonstrated 

• Growth rates of 30-60 ch/min achieved for short lengths. 

• Thickness/dendrite control parameters not istablished. 

• Long term growth stability untested. 
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Edge Supported Pulling (ESP) 
Edge Stabilized Ribbon (ESR) 



Accomplishments 

• Process stability/edge definition for ribbon growth achieved 

WITHOUT NEED OF DIE. 

Concerns 

• Long term growth reproducibility, 

« Impact of edge stabilizers on quality, yield. 

• Growth speed/width (areal rate) limitations common to all 

VERTICAL SHEET TECHNIQUES. 


Vacuum Die Casting 



Feasibility not demonstrated 

* Mold construction material a problem. 

• Stress control parameters undetermined/ 

GRAIN NUCLEATION NOT CONTROLLED. 
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SEMIX Ingot Casting (UCP) 




(WACKER PROCESS ILLUSTRATIONS: 

Helmreich et al. 1980, 1982) 


Accomplishments 

• Solar cell efficiencies of 13-14X over 100 cm^ areas. 

• 20 CM X 20 CM X 10 CM INGOTS. 

Concerns 

• Throughput limitations due to constitutional supercooling. 

• Material inhomogeneity (process yield). 

• Wafering rate and kerf loss factors. 


Silicon Sheet Technologies 
1986 and Beyond 


EFG WEB 

(closed shape polygons) (single ribbon) 

AND 

INCLINED INTERFACE SHEET GROWTH 

LASS - EMC (USA) 

RAD - C6E (France) 

HSW - Siemens (W. Germany) 

RQ - Tohoku (Japan) 

- ARCO (USA) 

RAFT - Wacker (W, Germany) 


ALL SINGLE RIBBON TECHNIQUES 
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1986 Status/Future Potential 
EFG 

(Closed Shape Polygons) 


Status - Areal output of current nonagon at 

(9) x (5 cm wide x 2.2 cm/min) * 100 cm^/min. 

- Large (-95 cm2) cell efficiencies of 13-15?. 

- Best cell (45 cm*) is 15.1? . 

Concerns - Cutting/yield limitations (material strength). 

- Improvements in passivation of microdefects. 

- Productivity limitations due to stress and die 

MATERIAL DETERIORATION. 


1 986 Status/Future Potential (Cont'd) 

WEB 

t (Single Ribbon) 

Status - Areal output of single crystal furnaces at 

4 cm wide x 1.5 cm/min * 6 cmvkin (8,5 cm^/min best). 

- Large batch (~25 cm^) cell efficiencies best average 14?. 

- Best cell (4 cm^) 17.3?. 

Concerns - Areal output limitations may be below 10 cm^/min for 
BEST (2>16?) CELLS. 

- Long term growth stability. 
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UF POOm QUALrrf 

Large- Area Silicon Sheet Task 


AMI Efficiency vs Diffusion Length 

rot vMion siLicot SMC n. 

BASIL im Qninizco rtoasiM 



ASEC - 16th PlH, SEPTEMBER 1980 


Current Cell Efficiency Distribution 
(Mean Value = 12.21%) 
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Key R&D Requirements 
to Meet Potential 


• Understanding of recombination effects of basic silicon microdefects 
AND PASSIVATION SCHEMES TO ACHIEVE 200-300 MICRON DIFFUSION LENGTHS 
CONSISTENTLY OVER LARGE AREAS. 

• Achievement of means to increase homogeneity and strength of silicon 

SHEET MATERIAL TO MAXIMIZE PROCESSING YIELDS. 

• Understanding of inclined interface solidification processes in 
SPEED RANGE OF 5-100 CM/MIN 

- Single ribbon areal rates up to 1000 cm^/min 

MAY BE POSSIBLE. 



